INTRODUCTION
Broad absorption line quasars (BAL QSOs) exhibit broad absorption troughs for high-ionization ultraviolet (UV) lines such as Si IV 1399, C IV 1549, C III] 1909 (known as HiBAL), or/and lowionization UV lines such as Mg II 2799 (known as LoBAL). BAL QSOs were usually identified from their UV spectra by the balnicity index (BI), considering different BAL outflow velocity and/or BAL velocity width (e.g. Weymann et al. 1991; Trump et al. 2006; Gibson et al. 2009; He et al. 2014) . BAL troughs are present in about 10-40% of QSOs (e.g. Gibson et al. 2009; Allen et al. 2011) .
BAL troughs in QSOs are thought to be the strongest observed signature of QSO winds (Fabian 2012) . One explanation for BALs is an orientation-dependent effect, where QSOs appear as BAL QSOs when the disk wind is on the line of sight (e.g. Murray et al. 1995; Elvis 2002) . The requirement that detection of a wind should be orientation-dependent is very similar to the case of other structures in QSOs, such as the broad-line region (BLR) or jet (e.g. Urry & Padovani 1995) . Another explanation for BALs is an orientation-independent evolution effect (e.g. Gibson et al. 2008; Zubovas & King 2013) . As an evolutionary stage of active galactic ⋆ E-mail: whbian@njnu.edu.cn nucleus (AGN), the expulsion of gas and dust by galaxy collision possibly causes the BAL outflows. It was supported by no correlations exist between outflow properties and orientation, such as the similar range of viewing angles for radio-loud BALs and radio-loud non-BALs (e.g. Fine et al. 2011; Bruni et al. 2012 ).
The disk wind in BAL QSOs is believed to come from the central supermassive black hole (SMBH) accretion disc, and BAL region often lies outside the BLR region (e.g. Proga et al. 2000; Murray et al. 1995; Filiz Ak et al. 2013 ). There exists an empirical relation between the BLR size and the continuum luminosity in AGN/QSOs (e.g. Kaspi et al. 2005; Bentz et al. 2009 ). For the BAL region outside of BLR region, larger luminosity would lead to larger size, smaller orbital velocity of the BAL regions. It would lead the properties/variability of BAL outflows as a function of luminosity. The wind dependence on the properties of QSOs has been discussed by many authors, suggesting the connection between the outflow and the accretion process (e.g. Laor & Brandt 2002; Ganguly et al. 2007; Baskin & Laor 2013; He et al. 2014) . It was found that the maximum outflow velocity increases with both the bolometric luminosity and the blueness of the spectral slope, suggesting the idea of radiation-pressuredriven outflows (Laor & Brandt 2002; Ganguly et al. 2007 ). At the same time, BAL-troughs often vary over rest-frame time-scales of days to years, which can provide clues to the origin of BAL QSOs (e.g. Gibson et al. 2008; Capellupo et al. 2011 Capellupo et al. , 2012 Capellupo et al. , 2013 Filiz Ak et al. 2012 Grier et al. 2015) . Capellupo et al. (2011 Capellupo et al. ( , 2012 Capellupo et al. ( , 2013 investigated BAL variability for 24 QSOs with long time-scales and multiple epochs. They found that variability typically occurs only in portions of the BAL troughs; the components at higher outflow velocities are more likely to vary than those at lower velocities and weaker BALs are more likely to vary than stronger BALs; both the incidence and the amplitude of variability are greater across longer time-scales. With a sample of 291 BAL QSOs from SDSS-I/II/III, Filiz Ak et al. (2013) investigated BAL variations as a function of QSOs properties and did not find significant evidence for correlations between BAL variability and luminosity/Eddington ratio/SMBH mass. For C IV 1549 troughs on moderate time-scales (1-2.5 yrs), they suggested possible correlations between BAL variability and luminosity/Eddington ratio. Filiz Ak et al. (2013) used C IV emission line to calculate the SMBH mass and the Eddington ratio, which have larger scatters and bias compared to that by other emission lines such as Hβ , Mg II .
For some samples of QSOs, it has been shown that spectra of QSOs at low redshifts are bluer during their brighter phases (e.g. Wilhite et al. 2005; Pu et al. 2006; Meusinger et al. 2011; Zuo et al. 2012; Bian et al. 2012a ). The trend of bluer spectra during brighter phases is usually explained by the accretion variation. During the brighter phase, the accretion disk becomes hotter and its emission peak would move to shorter wavelengths (big blue bump), which would also lead to larger variance in the blue spectrum. However, other contributions may mingle in this kind of investigation, such as the contribution of UV/optical Fe II , Balmer continuum, jet, and the host, as well as the complex of accretion disk model. With two-epoch variation, it was found that the spectra of half of the QSOs appear redder during their brighter phases (Bian et al. 2012a; Guo & Gu 2014) .
The feature of variable regions in BAL-trough were investigated by some authors (e.g. Gibson et al. 2008; Filiz Ak et al. 2012 . Using a sample of 13 BAL QSOs with two-epoch spectra covering 3-6 years in the rest frame, Gibson et al. (2008) identified the variable regions in BAL-trough and investigated the variation of C IV BAL-trough between the Large Bright Quasar Survey (LBQS; Hewett et al. 1995) and the Sloan Digital Sky Survey (SDSS). With SDSS/Baryon Oscillation Spectroscopic Survey (BOSS), we have investigated the relation between the wind and QSO properties for a single BAL QSO with 18 epochs observations covering about 3 years in the rest frame (He et al. 2014) . Here, we present a sample of 188 BAL QSOs with at least two-epoch observation from SDSS Data Release 7 (DR7). This sample is used to investigate the feature of the BAL-trough variable regions, the variability of UV spectral index and the BAL-trough equivalent width (EW), as well as the relation with the central accretion properties. Section 2 presents the sample. Section 3 gives the spectral analysis. Section 4 contains our results and discussion. A summery is given in the last section. Throughout this work, we use a cosmology with H0 = 70km s −1 Mpc −1 , ΩM = 0.3, and ΩΛ = 0.7.
THE SAMPLE OF C IV BAL QSOS WITH TWO-EPOCH OBSERVATIONS FROM THE SDSS DR7
The SDSS DR7 (York et al. 2000) contains imaging of almost 11663 deg 2 and spectra for roughly 93×10 4 galaxies and 12×10
4
QSOs, observed by 2.5 m telescope at the Apache Point Observa- tory in New Mexico. The SDSS spectra were obtained through 3" fibers. For the SDSS DR7 spectra, the observational wavelength coverage is from 3800Å to 9200Å, and the spectral resolution is 1850 − 2200. With SDSS DR7, Shen et al. (2011) gave a compilation of properties of 105783 QSOs. With the modified balnicity index BI0 (0 km s −1 as a minimum detection limit for the outflow velocity range), there are 6214 BAL QSOs identified in their SDSS DR7 sample. It is found that there are 1080 spectra of 480 C IV BAL QSOs with at least two-epoch observations. In order to identify the variable regions in C IV BAL troughs, we select BAL QSOs with SDSS spectral signal-to-noise ratio (S/N) at r band larger than 10, and redshift more than 1.7. It is consist of 188 C IV BAL QSOs with 428 SDSS spectra. For each QSO with more than two epochs, we consider only the longest time-scale between two epochs. In Fig. 1 , we give the S/N versus the redshift, and the luminosity at 1350Å (L1350) versus the spectral MJD values. The stars denote 480 C IV BAL QSOs with at least two-epoch observations, and the blue circles denote our 188 C IV BAL QSOs with longest twoepoch SDSS spectra with S/N(r) > 10 and z>1.7. In Fig. 1 , for our sample of 188 BAL QSOs, the redshift distribution is between 1.7 and about 3.9, the S/N distribution is between 10 and about 60. Considering the problem of spectrophotometric flux calibration for BOSS in SDSS III, we just use the spectra from SDSS DR7 (e.g. Paris et al. 2014; Margala et al. 2015) . Our sample is different to that by Filiz Ak et al. (2013) , who used two-epoch spectra from the SDSS and the BOSS respectively.
SPECTRAL ANALYSIS

Fitting the spectral continuum
In order to characterize the spectral variation of BAL QSOs and the variable regions in the C IV BAL troughs, we fit the continuum spectrum by a power-law function iteratively (He et al. 2014) . All the SDSS spectra are corrected for Galactic extinction, assuming the extinction curve of Cardelli et al. (1989) (IR band; UV band) and O'Donnell (1994) (optical band) with RV = 3.1. The AV values of these SDSS BAL QSOs are derived from the SpecP hotoAll table in SDSS. All spectra are then corrected to the rest frame, and rebinned to a uniform grid with 1Å wide. It is popularly accepted that we can use one power-law function f λ ∝ λ α (fν ∝ ν −(2+α) ) to fit the QSO continuum. Some authors also used two power-law functions to model the QSO continuum (e.g. Forster et al. 2001; Shang et al. 2005) . For BAL QSOs, a polynomial function or a reddened power law was also used to fit the continuum in previous studies (Lundgren et al. 2007; Gibson et al. 2008 Gibson et al. , 2009 ). Here, we use one power-law function, f λ = f2000 (λ/2000) α , to fit the continuum spectra of BAL QSOs (Hu et al. 2008; He et al. 2014 ). The power-law continuum is fit iteratively in the "continuum windows", which are known to be relatively free from strong emission lines. Our adopted continuum windows are 1290-1330, 1685-1715, 1970-2010Å in the rest frame (Fig. 2 , e.g. Forster et al. 2001; Vanden Berk et al. 2001; Gibson et al. 2008; Bian et al. 2012a; Baskin & Laor 2013 ). The fit is achieved by minimizing χ 2 iteratively. At each iteration, we neglect any spectral bins that deviate by more than 3σ from the previous continuum fit. This iterative method would automatically adjust the fitting window, excluding spectral regions that contain broad emission or absorption features, especially for BAL QSOs.
For the power-law continuum, f λ = f2000(λ/2000) α , the error of the power-law continuum by error propagation is calculated as follows (He et al. 2014 ):
where the errors (δ(f2000) and δα) are given in the power-law fitting. The total C IV BAL-trough EW is calculated as follows:
The integration is integrated from the total C IV BAL-trough for f obv (λ) < fcon(λ). And the error for the C IV BAL EW is measured as follows:
where δ(f obv ) at λ is the flux error for the SDSS spectrum.
With the continuum fit, we can obtain the spectral index α, the continuum luminosity at 1500Å, and the total C IV BAL EW, as well as their errors. These results are listed in Table 2 . An example of the continuum fit and the residual is shown in Fig. 1. 
Measuring the variable regions in C IV BAL troughs
In the C IV BAL tough for each QSO, it is possible to have some variable regions. To identify the variable regions in the C IV BALtrough, we compare two-epoch spectra for BAL QSOs, measuring the flux deviation between two observations at each wavelength by the following equation (Filiz Ak et al. 2013) :
where f1 and f2 are the normalized flux based on the fitting powerlaw continuum and σ1 and σ2 are the normalized flux error at wavelength λ. Both σ1 and σ2 include observational flux errors and uncertainties on the continuum model. Similar to Gibson et al. (2008) , variable regions of BAL troughs are identified to be where an absorption feature is detected with |Nσ| ≥ 1 for at least five consecutive data points (4Å wide). This requirement allows detection of variable regions wider than 774 km s −1 . It is slightly smaller than that by Gibson et al. (2008) , and larger than that by Filiz Ak et al. (2013) . For the number of data points to be lager than 5, the significance of variations would be > 99.9%. 73 variable regions in the C IV BAL troughs are identified from two-epoch different spectra in 43 BAL QSOs. For the sample of 188 BAL QSOs, there are about 23% (43/188) BAL QSOs showing variable regions from two-epoch spectra. Fig. 3 gives an example of identified two variable regions in C IV BAL trough. For each spectrum, we calculate EW and its error for each C IV BAL variable region (see above Eq. 2, Eq. 3). Then, we derive the EW variance for each C IV BAL variable region for each QSO. The sum of the EW variance for all variable regions in a QSO is adopted as its total EW variance, ∆EW . The error of ∆EW is calculated based on the error propagation from errors of EW for all variable regions. For each variable region in C IV BAL troughs, the velocity width and the center outflow velocity are also calculated, as well as the maximum outflow velocity Vmax of variable regions. The velocity width is calculated from the left and right boundary of the variable region. In Table 3 , we list the total ∆EW , the left and right boundary of the variable region for these 43 BAL QSOs.
RESULTS AND DISCUSSION
Features of the variable regions: velocity width, outflow velocity, variation proportion
With the above criterion of at least five consecutive data points larger than 1σ, 73 variable regions in the C IV BAL troughs are identified from 43 two-epoch different spectra. Fig. 4 shows histograms of their velocity width and their center outflow velocity (Table 3) . BAL-troughs variation tends to occur on small velocity width. Even the largest variation widths (6500 km s −1 ) are narrow compared to BAL-trough outflow velocity (bottom panel of Fig. 4 ). The number of the C IV BAL variable regions decreases with the increase of the velocity width of the variable regions. These results are consistent with that by Gibson et al. (2008) .
From the bottom panel of Fig. 4 , variable regions are found across a wide range of central outflow velocities, and the number of variable regions appears to peak in the range between 5000 and 21000 km s −1 . Considering BI0 used by Shen et al. (2011) , 0 km s −1 is adopted as a minimum detection limit for BAL-trough. We do not consider contaminations from C IV 1549, Si IV 1399 emission lines at small outflow velocities and large outflow velocities, respectively. It could explain decrease of number of variable regions at small outflow velocities and at large outflow velocities in the bottom panel in Fig. 4 .
In . ∆L 1500 is the variation of the continuum at 1500Å. ∆α is the variation of the spectral index. M BH is the Mg II -based SMBH masses from a single spectrum. L bol /L Edd is the ratio of the bolometric luminosity to the Eddington luminosity. Vmax is the maximum velocity of the variable region. The value in brackets is the probability of the null hypothesis. 
The variability of spectral index ∆α for BAL QSOs with variable regions
It has been shown that QSOs spectra are bluer during their brighter phases. It is usually explained by the variation of the accretion disk. Fig. 6 shows ∆α versus the continuum variation at 1500Å (∆L1500) for total 188 BAL QSOs (the top panel). There is a significant weak correlation between them. The Spearman coefficient R is −0.36, with the the probability of the null hypothesis of P null = 5.5 × 10 −7 (see Table 1 ). In the second and fourth quadrants in the top panel in Fig. 6 , BAL QSOs show bluer during their brighter phase. There are about 56.9% date points showing bluer during their brighter phase. It is consistent with the result for non-BAL QSOs by Bian et al. (2012a) . Considering 11 points with both ∆L1500 and ∆α more than 3σ, the proportion rises to 84.6% (11/13), more QSOs appear bluer during their brighter phases compared to non-BAL QSOs (the bottom panel in Fig. 6 ).
For the subsample of BAL QSOs with variable regions in C IV BAL troughs, there is a significant medium strong correlation between the ∆L1500 and ∆α. The Spearman coefficient R is −0.56, P null = 8.3 × 10 −5 (see Table 1 ). There are about 76.7% BAL QSOs showing bluer during their brighter phases for 43 BAL QSOs (red circles in the top panel in Fig. 6 ). Considering 6 BAL QSOs with both ∆L1500 and ∆α more than 3σ, the proportion of the points in the second and fourth quadrants rises to 100% (6/6) (red circles in bottom panel in Fig. 6 ).
The proportion showing bluer during the brighter phases rises from about 56.9% for total 188 BAL QSOs to about 76.7% for 43 BAL QSOs with variable regions. During the brighter phases, the accretion disk becomes hotter and its emission peak would move to shorter wavelengths. It may lead to the trend of bluer spectra during brighter phases. Therefore, this larger proportion implies that the origin of variable BAL-trough regions is related to the central accretion process.
The EW variability ∆EW for the variable region: the relation with ∆α, ∆L1500
For the subsample of 43 BAL QSOs with variable regions in C IV BAL troughs, the relation between ∆EW and ∆α, ∆L1500 are used to investigate the origin of BAL variability (see Table 2 , Table 3). Fig. 7 shows ∆EW versus ∆α (top panel). It is possible that there is a weak correlation between ∆EW and ∆α, according to a Spearman rank correlation test (R = 0.3, P null = 0.05; Table  1 ). There are 60.5% of QSOs located in the first and third quadrants where the BAL-troughs become stronger when BAL QSOs become redder. This is different from our previous study for a single BAL QSOs with 18 epochs (He et al. 2014 ). He et al. (2014) found a strong correlation between EW variation for C IV BALtrough and ∆α (R=0.77), suggesting that dust is intrinsic to outflows. For the subsample of BAL QSOs with variable regions, we Figure 6 . ∆α versus ∆L 1500 for 188 BAL QSOs (top), and for 13 BAL QSOs with both ∆L 1500 and ∆α more than 3σ (bottom). The proportion of the points in the second and fourth quadrants (i.e., bluer during brighter phases) rises from about 56.9% (top) to 84.6% (bottom). The red circles denote 43 BAL QSOs with variable regions (top), and 6 QSOs with both ∆L 1500 and ∆α more than 3σ (bottom). The proportion of the points in the second and fourth quadrants is 76.7%. For 6 QSOs with both ∆L 1500 and ∆α more than 3σ, the proportion of the points in the second and fourth quadrants rises to 100%.
don't confirm that strong correlation from the two-epoch variation.
It is possibly due to the additional parameters to blur this correlation. For the total sample of 188 BAL QSOs, there is no correlation between ∆EW and ∆α, where ∆EW is the EW variation for C IV BAL-trough. A Spearman rank correlation test gives R = −0.008, P null = 0.91 (Table 1) . The bottom panel in Fig. 7 shows ∆EW versus ∆L1500 for 43 BAL QSOs with variable regions. It is possible that there is a medium strong correlation between them, R = −0.44, P null = 0.003 (Table 1) . It is found that 60.5% QSOs located in the second and fourth quadrants, where BAL troughs become weaker when BAL QSOs become brighter. For the total sample of 188 BAL QSOs, ∆EW is the EW variation for C IV BAL-trough, and R = −0.17, P null = 0.02 (Table 1) . Therefore, we don't find a significant correlation between them. It is consistent with the study of Filiz Ak et al. (2013) , who found no significant evidence for EW variability of the C IV BAL trough driven by QSO bolometric luminosity (also see Gibson et al. 2008) . With respect to total sample of 188 BAL QSOs, the subsample of 43 BAL QSOs with variable regions has a stronger correlation between them. Considering the probability of the null hypothesis (P null = 0.003) for the subsample of 43 BAL QSOs with variable regions, this correlation is suggestive and requires further investigations by larger sample.
The relation of ∆EW with the central
The relation between the BAL properties/variability and the accretion process in BAL QSOs has been discussed by many authors (e.g. Laor & Brandt 2002; Ganguly et al. 2007; Baskin & Laor 2013; Filiz Ak et al. 2013; He et al. 2014 ). There are two fundamental parameters related to the accretion process, the SMBH mass (MBH ) and the Eddington ratio (L bol /L Edd ). Considering that the C IV -based SMBH mass is biased to the possible nonvirialized component in C IV emission lines (e.g. Rafiee & Hall 2011; Shen et al. 2011; Bian et al. 2012b Shen et al. (2011) . The bolometric luminosity (L bol ) is calculated from L3000 (0.7 ≤ z ≤ 1.9), L1350 (z ≥ 1.9). With the bolometric corrections (BC) from the luminosity at 3000Å and 1350Å as BC3000 = 5.15, BC1350 = 3.81, we calculate L bol /L Edd . These results are listed in Table 3 .
In Fig. 8 , we show the relation between |∆EW | and Mg II -based MBH . It is possible that there is a negative medium strong correlation between the |∆EW | and MBH (R = −0.54, P null = 0.003, Table 1 ), showing smaller variation of BAL-trough for BAL QSOs with larger SMBHs masses. In Fig. 9 , we shows the relation between the maximum outflow velocity of variable regions (Vmax) and the Eddington ratio L bol /L Edd . It is possible that there is a medium strong correlation between the Vmax and L bol /L Edd (R = 0.53, P null = 0.004, Table 3 . Excluding this QSO, these correlations would be stronger and significant. For the relation between |∆EW | and MBH , R = −0.7, P null = 0.00005. For the relation between Vmax and L bol /L Edd , R = 0.58, P null = 0.0014. These results imply the connection between the BAL-trough variation and the central accretion process. Using C IV -based SMBH mass for BAL QSOs (z > 2), Filiz Ak et al. (2013) suggested possible correlations between |∆EW | and luminosity/Eddington ratio for C IV troughs on moderate time-scales (1-2.5 yrs). They did not find significant correlation between |∆EW | and MBH . These correlations require further investigations in larger samples of BAL QSOs with no bias MBH estimation such as from Hβ , Mg II emission lines.
We don't find a significant correlation between Vmax and α, L bol . We don't confirm the result by Laor & Brandt (2002) , who found that Vmax increase with L bol . We find that L bol /L Edd instead of L bol is a driver of Vmax . In the future, we can use the BOSS spectra to estimate the MBH because of their larger wavelength coverage in BOSS spectra than in SDSS spectra.
SUMMARY
The variability of broad absorption lines is investigated for a sample of 188 BAL QSOs (z > 1.7) with at least two-epoch observations from the SDSS DR7. Considering only the longest time-scale between epochs for each QSO, 73 variable regions in the C IV BAL troughs are detected for 43 BAL QSOs. The main conclusions can be summarized as follows.
(1) Considering the flux deviation |Nσ| ≥ 1 for at least five consecutive data points (4Å wide) in the two-epoch difference spectrum, 73 C IV BAL variable regions in 43 BAL QSOs are identified from 188 BAL QSOs, i.e., about 23% (43/188) BAL QSOs showing variable regions from two-epoch spectra. It is found that the proportion of BAL QSOs showing variable regions increases with the time-interval longer than about 1 year in the rest frame. BAL variation tends to occur on small velocity width. Even the largest variation widths (6500 km s −1 ) are narrow compared to BAL-trough outflow velocity. Variable regions are found across a wide range of outflow velocities, and the number of variable regions appears to peak in the range between ∼ 5000 and ∼ 21000 km s −1 .
(2) With two-epoch variation, it is found that there is a weak correlation between ∆L1500 and ∆α for total 188 two-epoch spectra, and about half BAL QSOs appear redder during their brighter phases. It is consistent with the result for non-BAL QSOs by (Bian et al. 2012a) . For a subsample of BAL QSOs with variable regions in BAL toughs, their correlation becomes stronger, about 76.7% BAL QSOs appear bluer during their brighter phases. This larger proportion implies that the origin of variable regions in BALtrough is related to the central accretion process.
(3) For the subsample of 43 BAL QSOs with variable regions, it is possible that there is a weak correlation between ∆EW and ∆α. It is different from our previous study for a single BAL QSOs by (He et al. 2014) . It is possibly due to the additional parameters to blur this correlation. It is possible that there is a medium strong correlation between ∆EW and ∆L5100. Considering the test confidence is 99.7%, this latter correlation is suggestive and requires further investigations by larger sample.
( 
